We investigate fluctuations in the magnetoconductance of noble-metal nanostructures in a mesoscopic two-lead configuration. The samples are gold and silver wires with lengths 500 and 1000 nm and widths w between 45 and 340 nm. The correlation field Bc varies as w -~. Furthermore, the angle 0 between the direction of the magnetic field and the current is changed continuously from 90°(usual geometry) to 0 °. The dependence of Be on 0 is weaker than Bc ~x Bc±/sin 0.
Introduction
Quantum interference effects in metals, e.g., aperiodic fluctuations of the magnetoconductance of the order of a universal value e2/h [ 1 ] or periodic oscillations of the magnetoconductance of ring structures [2] , can be observed if the sample dimensions are smaller than or comparable to the phase coherence length l,~ = (Dz¢) I/2 (D = VFI/3 is the diffusion constant and z~ is the phase breaking time) of the electrons diffusing through the sample. In polycrystalline metal films 1¢ is about 1 lain at very low temperatures T < 1 K, whereas the elastic mean free path l is about 10-50 nm. In this diffusive regime the electrical conductance G is influenced by the interference of paths which an electron can travel along its way through the sample, i.e. G fluctuates around a mean value. The RMS-amplitude of the fluctuations depends only very weakly on the sample shape (length L, width w, and thickness d) as long as the transport is diffusive and coherent (l << w,d ,L <1¢) [3] . The amplitude of the universal conductance fluctuations (UCF) is determined by the correlation function of the conductances over an ensemble of different samples with the same macroscopic dimensions and mean value of G but varying positions of scattering centers. The ensemble can be obtained experimentally by altering the configuration of the scattering centers [4] , by chang-* Corresponding author.
ing the Fermi energy [5] , the transport voltage [6, 7] , or the magnetic field [1]. The correlation functions for all these realizations are essentially the same with the only exception that the RMS-amplitude as a function of the magnetic field B is smaller by a factor v/2 because of time-reversal symmetry breaking [3] . An additional reduction by a factor of 2 occurs in metals with strong spinorbit scattering. Altogether, one expects a RMS-amplitude of magnetoconductance fluctuations for Au or Ag of 5GID = 0.26e2/h for wires and 5G20 = 0.31e2/h for twodimensional films.
Experiments on long one-dimensional gold wires with two wide probes [8] and silver wires with two wide current probes and two narrow voltage probes [9] show ~G O.12e2/h. The reduction is attributed to the reduced backscattering probability from the wide probes into the narrow wires and is in qualitative agreement with the all reduction of the UCF amplitude in quasi-ballistic point contacts with diameter a [6, 7] .
The characteristic fluctuation period Be, the correlation field, is a measure of the area A, b surrounded by typical interference paths since A4,Bc = C (~o with the elementary flux quantum ~b0 = hie. Here C is a constant of order 1 [3, 13] . Because all coherent paths contribute to the interference pattern, Be should depend on the geometry of the sample if the width and/or the length of the sample become smaller than l,. At finite temperature l 4, decreases mainly because of the increase of inelastic scattering events. In addition, a thermal smearing occurs which can be accounted for by the thermal diffusion length Is = (hD/k B T)1/2 [3 ] . In analogy, the energy range eVm (Vm is the measuring AC voltage) generates the Thouless length scale Iv = (hD/eVm) 1/2. For w, d <14, < L one expects that the correlation field is determined by the width w of the sample and lo if the sample length is smaller than min(l~,Ir, lv ). We will report on measurements of the magnetoconductance, the so-called "magnetofingerprints", of gold and silver wires in a two-lead configuration with wide funnel-shaped leads, with lengths L ~> 500 nm and widths varying between 45 and 340 nm at T < 100 mK (l 4, ~<2 pm). We also report on an experiment where the effective geometry is changed by tilting the sample with respect to the field direction.
Experimental
The samples are produced by a standard lift-off process with a bilayer resist and thermal evaporation of the metal film to a thickness of about 20-30 nm [10] . The mesoscopic samples and the contact leads are prepared in a single evaporation step and therefore have the same sheet resistance RD. The measurements are performed within the mixing chamber made of araldite of a 3He/4He-dilution refrigerator which is equipped with a 13 T superconducting solenoid. An ACresistance bridge is used to record the fluctuations with a voltage resolution of about 1 nV. The measuring temperature was always below 100 mK. A mechanical feedthrough allows to turn the sample while it is maintained at low temperatures continuously from the usual geometry with B perpendicular to the film plane (0 = 90 ° ) to a parallel alignment between B and current direction.
Results and discussion
The resistivity of the samples is p ,~3-5 gft cm and the sheet resistance RD lies between 1 and 3 ~. The elastic mean free path of the electrons is deduced from the resid- i.e. assuming non-fluctuating contact leads. The route of the numerical data analysis has been explained in detail elsewhere [ 10] . the total resistance would lead to a variance of RMS(G) of more than two orders of magnitude which would be hard to understand for this ensemble of similarly prepared samples. The calculated RMS-amplitudes are in good agreement with the theoretical predictions. Within our accuracy we cannot distinguish between 1D and 2D behavior. To our knowledge, the predicted amplitude of ~ 0.25-0.31e2 /h has not been observed in gold or silver samples in a two-lead configuration up to now. The main difference to the samples investigated in Refs. [8, 9] is that in our case l is smaller than w, i.e. the transport is diffusive also in the transverse direction, whereas w ~ 1/2 in Ref. [8] . This quasi-ballistic character of the samples in the transverse direction may cause the observed reduction of the rms-amplitude to 8G ,-~ O. 12e2/h [6, 8, 9] .
The correlation field Be is given by the HWHM of the autocorrelation function of the magnetoconductance curves. It is obvious that Bc of the curves shown in Fig. 1 inversely proportional to w [3] :
The expected behavior Bc c< w -l is roughly observed (cf. Fig. 2) . The systematic deviations which occur for larger widths can be explained by minor contributions of the contact leads from the regions close to mesoscopic sample up to a depth of about 100 nm into each contact. This is in accordance with the slope of the dotted line, which gives 1~ 700 nm for C = 1. Within our accuracy we observe no systematic differences of Bc for gold and for silver samples. We also investigated the correlation field of a narrow wire as a function of the angle 0 between B and current direction, i.e. varying the cross-section of the sample perpendicular to B. Fig. 3 shows fiG(B) One observes a clear increase of the correlation field with decreasing 0, but not only by damping of the high-frequency fluctuations, but also by appearance of new low-frequency ones. Therefore, the numerical evaluation of Be is not very stable and we have to perform a Fourier-filtering to cut-off the very long wavelengths AB > 5 T. These wavelengths correspond to areas smaller than l 2 and cannot therefore be evoked by quantum interference. The resulting Be(O) is shown in Fig. 4, including This function approximates the geometrical dependence of Bc(0) for small 00 and angles 101 ~<90 ° -00. For 0~<30 °, a clear deviation between the prediction and the experimental result occurs, which cannot be explained by the mentioned Fourier filtering, influences of the contact leads or misalignment of the samples with respect to the magnetic field. Furthermore, the crosscorrelation of the fingerprints recorded at different angles is below significance. It is not possible to correlate the fluctuation patterns by scaling the field axis to the projection perpendicular to the sample area, as can be done for 2DEG samples [11] . A possible explanation of the difference is that for our samples surface scattering is the most important scattering process as is indicated by the appearance of quasiperiodic contributions to the fluctuations with a period which corresponds to the Altshuler-Aronov-Spivak period [12] AB = h/(2ewd) ~ 2 T for the 45 run sample. Therefore, the effective dimensionality of the sample changes from quasi-1D to quasi-0D and the transport is not diffusive in both transverse directions. The averaging over many trajectories which is necessary for the validity of the ergodic hypothesis is not fulfilled any more. This means that the prefactor C in Eq. (2) may not be the same for all angles [3, 13] .
